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  he experimental r e s u l t s  of t he  nucleon re- 
moval by medium energy protons1) have been com- 
pared wi th  those of t he  hybrid model2) i n  which 
the  nucleon-nucleus i n t e r a c t i o n  i s  v i sua l i zed  a s  
proceeding through a pre-equilibrium phase followed 
by nuclear  evaporat ion.  I n  t he  f i r s t  phase t he  
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i n i t i a l  few-quasi-particle (exciton) s t a t e  evolves 
t o  more complex s t a t e s  through success ive  two- 
1 2- body r e s idua l  i n t e r a c t i o n s  which increase  t he  1 
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exci ton  number by two. The p robab i l i t y  f o r  pre- PROTON ENERGY (MeV) 
equi l ibr ium emission of a neutron o r  proton is cal-  
cu la ted  a t  each s t e p  using the  s t a t e  d e n s i t i e s  and 
the  r e l a t i v e  r a t e s  of emission of p a r t i c l e s  i n t o  
the continuum a s  compared t o  t he  r a t e  of i n t r a -  
nuclear  t r a n s i t i o n s  f o r  t he  p a r t i c l e s .  The l a t t e r  
i s  deduced from the  nuclear  mean f r e e  paths which 
a r e  ca lcula ted  e i t h e r  from the  imaginary p a r t  of  
t he  o p t i c a l  p o t e n t i a l  o r  from nucleon-nucleon 
s c a t t e r i n g  cross  s ec t ion  correc ted  f o r  e f f e c t s  of 
t he  P a u l i  p r inc ip l e .  The evaporat ion process i s  
governed by p a r t i c l e  binding energies ,  t he  in-  
verse  r eac t ion  cross  s ec t ions  and the  r a t i o  of 
f i n a l - s t a t e  l e v e l  d e n s i t i e s  t o  t he  i n i t i a l  ones. 
I n i t i a l  comparisons of experimental r e s u l t s  
were wi th  t he  commonly-used s i n g l e  pre-equilibrium 
emission vers ion  of the  model3). This model ex- 
p l a i n s  q u a l i t a t i v e  f ea tu re s  of t he  production 
Figure 1. 
discrepancy of t h i s  model is  t h a t  i t  overpredic ts  t he  
average number of nucleons removed, <AA>, a s  shown 
i n  Figure 1 by the  curve marked HYBRID. 
The f i r s t  refinement of t he  hybrid model 
considered was the  geometry-dependent hybrid model 
( G D H ) ~ ) .  Here t h e  e f f e c t  of t he  d i f fu se  nuclear  
su r f ace  i s  taken i n t o  account by making the  mean 
f r e e  path longer f o r  h igher  ( sur face)  p a r t i a l  
waves a s  compared t o  t h e  lower p a r t i a l  waves of t he  
r eac t ion  cross  s ec t ion .  Though t h i s  extension is 
j u s t i f i e d  by the  well-established Wood-Saxon 
form of t he  nucleon-nucleus s c a t t e r i n g  p o t e n t i a l  and 
r e l a t i v e l y  s t ronger  absorption of lower p a r t i a l  waves, 
t he  increase  of <AA> with energy predic ted  by t h i s  
model is s t i l l  too s teep .  (See the  curve l a b e l l e d  GDH 
cross  s ec t ions  f o r  80 and even 100 MeV but  f a i l s  i n  Figure 1 ) .  
a t  t he  h igher  energies .  The most s e r ious  The second refinement of  t he  model al lows 
mult ip le  pre-equilibrium emission (EIPE) 4 ) ,  i. e .  
pre-equilibrium emission from nuc le i  wi th  mass num- 
be r s  A-1, A-2, ... where A is t h e  mass number of t h e  
t a r g e t  p lus  t h e  i nc iden t  proton. The evolu t ion  
of t he  r eac t ion  is followed i n  a two-dimensional 
space of energy exci ton  number. A s  shown i n  
Fig. 1 t h i s  model p r e d i c t s  t h e  co r r ec t  s lope  of 
<AA> with energy over t h e  80-164 MeV range wi th  mean 
f r e e  paths ca l cu l a t ed  from nucleon-nucleon s c a t t e r -  
ing .  The predic ted  <AA> i s  one mass u n i t  h igher  
than the  experimental va lues ,  p r ec i se ly  t h e  amount 
t h a t  t he  GDH ca l cu l a t i ons  d i f f e r e d  from the  simple 
hybrid model. The geometry dependence i s  not  ye t  
incorporated i n t o  t h e  MPE code, but  can be p a r t i a l l y  
simulated by increas ing  t h e  mean f r e e  path f o r  a l l  
p a r t i a l  waves. An inc rease  by a f a c t o r  of two 
reproduces t h e  energy dependence of <a>, l a b e l l e d  
i n  Fig. 1 by MPE W P x 2 ) .  
I n  Figure 2, production cross  s ec t ions  pre- 
d i c t ed  by t h e  MPE (MFPx2) and simple hybrid models 
a r e  compared with t h e  58~i  + p(164 MeV) experi-  
mental c ross  s e c t i o n s  f o r  populat ion of Co, Fe, 
Mn and C r  i so topes .  A ca l cu l a t i on  embodying 
both t he  mu l t i p l e  pre-equilibrium emission and t h e  
geometry-dependent e f f e c t s  has  a good chance of ex- 
p la in ing  t h e  da t a  i n  a q u a n t i t a t i v e  manner. 
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